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the storage cost of a supply of feedstock that declines to zero over 12

months, we have a storage cost of approximately 8 percent of the grain cost.

If we assume an opportunity cost of capital of 15 percent, then roughly

half of this amount would constitute an additional carrying charge over the

12 months. We can conclude that the cost of corn as a feedstock for an ethanol

plant would involve additional carrying costs of at least 15 percent of the

initial cost of the raw material supply. In many of the calculations of the

cost of producing ethanol from grain these carrying costs have been ignored.

The spatial disadvantage is also pronounced. Corn is among the most

efficient photosynthetic converters of: solar energy, but it is still distrib­

uted quite widely over the landscape. This necessitates substantial transport

costs. Using trucking charges prevailing in the Corn Belt in 1980 it is

reasonable to conclude that a large-scale ethanol plant using corn as a feed­

stock would incur transport costs in the range of 12 to 15 percent of the cost

of the corn.

To these estimates of additional costs, which approach 30 percent of the

costs of corn production, we must add an insurance factor reflecting the un­

certainties of weather and crop yields. Any large-scale ethanol plant would

Ileed assurance of a steady supply of :£eedstock. This would involve reserve

storage capacity, and a supply territory larger than would be necessary if

a constant supply stream could be assumed. Capital carrying charges, storage

costs, and costs of transport are thus likely to be larger rather than smaller

than these estimates indicate.

These considerations point up the disadvantages of corn in competition

with oil shale, tar sands and coal. A multi-million dollar conversion plant

could be located at these raw material sites with assurance that a steady

supply of feedstock would be available over the <!epreciable life of the plant
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(now typically 30 years). The front-end load of capital carrying charges

would be known with certainty, as would transport costs. vfuile increases

in gasoline costs may make it increasingly feasible to consider grain crops

as a source of liquid fuel, they also advance the more likely prospect that

attention will turn to oil shales, tar sands and coal.

There is an additional dimension in the debate over corn as an energy

crop that deserves emphasis. Under existing technology, production of ethanol

from grain results in a by-product of distiller's grains or "stillage" that

has a potential feed value equivalent to roughly one-third of the feed value

of the grain before distillation. vlhether or not there is an energy gain in

making ethanol from grain depends heavily on the effective use of these dis­

tiller's grains.This emerges clearly frOTII the conclusions reached in a Purdue

University study for the Office of Technology Assessment.

The Purdue study estimated average annu8,1 surplus production of grain in

the U.S. over the four years 1976-1979 at 360 million bushels of corn and 260

million bushels of wheat for a total of 620 million bushels. The assumption

was made that the feeding value of distiller's grains would have been the

equivalent of one-third of the total grain processed into ethanol. If all of

the distiller's grains were used as feed, this would have permitted the pro­

cessing of 930 million bushels into ethanol 'without reducing domestic use or

foreign exports. This would have produced about 2.5 billion gallons of ethanol

annually, equivalent to approximately two percent of current gasoline consump­

tion. Assuming a 10-percent ethanol-gasoline blend, this would have supplied

20 percent of the ethanol required nationally.

Using 1978 prices, it vlas assumed that this grain could have been procured

for $2.30 per bushel for corn and $3.00 per bushel for wheat. In order to
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make the resulting ethanol competitive with gasoline in 1978~ the corn

would have had to be sold to distillers at $0.70 per bushel and the wheat

at $0.75 (Purdue University~ Final Report to OTA~ 1979~ pp. 249-252). Rising

gasoline prices would of course narrow this spread~ but it must also be

assumed that costs of production and processing would also rise~ though perhaps

not as rapidly as gasoline prices.

This example illustrates the potential magnitude of ethanol production

from grains without involving a diversion from domestic use or exports. It

also emphasizes the highly important role played by the feeding value of the

resultant distiller's grains. If these cannot be fully utilized, the net

diversion of grain required to produce a given quantity of ethanol will be

significantly increased. In the example above~ if the distiller's grains

were used at only 50 percent of their feed-value potential~ the use of 930

million bushels of grain to produce ethanol would have involved the net with­

drawalof 775 million bushels (instead of 620 million)~ or an increase of 25

percent in the net amount of grain required.

It is improbable that distiller's grains will be utilized as efficiently

as would be necessary to justify large-scale production of ethanol from grain.

The distiller's grain or stillage emerges from the ethanol plant in highly

diluted form~ averaging 1,000 pounds of solids in 10~OOO pounds of stillage.

If it is dried~ the energy cost of drying precludes any net energy gain in the

ethanol production process. In wet form~ it has a storage life of no more

than 24 hours in summer conditions. Because it is largely water~ costs of

transport limit its use to livestock feeders within about 20 miles of the

plant. And fed in large amounts~ it constitutes the force-feeding of water~

resulting in urinary and nutritional problems in livestock. Its usefulness
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as a livestock feed is limited to a steady use in the ration, in small quanti­

ties (High Plains Journal, Dodge City, Kansas, Feb. 11, 1980. p. 6-B).

It seems improbable that ethanol from grains can compete with fuels from

oil shales, tar sands, or other alternative sources in the forseeable future,

unless it is very heavily subsidized. The most probable outcome is a limited

use of gasohol on farms, where the subsidy can take the form of a labor input

by the operator, valued at a very low opportunity cost wage, and then only in

years of crop surpluses~ Gasohol is unlikely to be a serious competitor for

cropland.

The same conclusion seems warranted for energy produced from crop resi­

dues or farm wastes. Energy from hiomass involves the transport or stockpiling

of large quantities of low-value raw materials. Manure from large-scale

continuous-flow confinement livestock feeding operations is the most promising

input. Here too, successful production seems confined to individual farms,

and to limited uses. The economics can be compared to a Boy Scout paper

drive. If the labor and energy costs of assembling the raw material can be

ignored, or charged to some other activity, it may be possible to achieve a

net energy balance in the actual conversion process. It is unlikely in the

extreme that energy production from biomass will introduce a new element into

the competition for agricultural land.

A different situation may prevail with forest lands. Well-developed for­

ests equal or exceed cropland in primary productivity and in annual energy

fixation, and have the added advantage of a relatively high concentration of

biomass per unit area (Leith, 1972, p. 6). They also provide an energy source

that is comparatively efficient in direct combustion, thus eliminating the

need for processing. A measure of the potential of the direct use of wood as
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fuel is provided by estimates that currently available aspen within 100 miles

of Bemidji, Minnesota would be sufficient to provide an economic fuel supply

for five 25 megawatt electric power plants operating at 80 percent load

capacity over a 30-year life (Aube, 1980, p. 27).

The potential for alcohol from forest biomass is also high. If new

technologies improve the economic prospects of liquid fuel production from

biomass, they seem likely to increase the comparative advantage of trees over

annual crops. There is little reason to disagree with Dovring's conclusion

that "fuol foedatock from field crops is not likely ever to represent a major

contribution to the fuel economy of the United States. Any permanent land

surplus available to produce fuel should be planted to trees" (Dovring, 1979

p. 19).
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The Changing Balance in

Interregional Competition for Land

Irrigation. In terms of cropland acres involved and value of output,

one of the most important shifts in land use in the past three decades has

been the increase in irrigation. For the United States as a whole, the

acreage of irrigated land was relatively constant from 1920 to 1944, at

approximately 20 million acres. It jumped 9 million acres to 1954, another

7.5 million acres to 1964, and stood at 41,243,000 acres in 1974, almost

exactly double the 1944 acreage. From 1964 to 1974, over 77 percent of the

increase occurred in four states in the central and southern Great Plains:

Nebraska, Kansas, Oklahoma and Texas. Between 1969 and 1974, the increase

was confined largely to Kansas and Nebraska. There has been virtually no

change in irrigated acrea~e in the Mountain and Pacific Coast states since

1964, although they still account for over half of the irrigated area of the

United States (U.S. Census of Agriculture, 1974 and earlier years).

The output effect of this sharply regional shift in irrigation activity

has been confined almost entirely to three crops--corn, sorghum and alfalfa.

These are crops preeminently suited for the production of beef. This is

reflected in a massive concentration of beef cattle feeding in large custom

feedlots in Nebraska, western Kansas, eastern Colorado, and the panhandles

of Texas and Oklahoma. The region in 1974 accounted for 44 percent of all

fed cattle marketed in the United States while the Corn Belt accounted for

only 20 percent (Martin, 1979, p. 100).

These large feedlots are highly concentrated, geographically. There

are very few north of an east-west line through North Platte, Nebraska, or
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south of Amarillo, Texas. A circle centered on Garden City, Kansas, with a

radius of 100 miles enclosed approximately two-thirds of the capacity of

custom feedlots in the Southern Plains that were actively advertising for

business in 1979 (High Plains Journal, Aug. 13, 1979, p. 20-B). The geographic

concentration of these custom feedlots is indicated in Figure 4.

Many reasons account for this rise of the southern Great Plains and

decline of the Corn Belt in cattle feeding.

lots are highly susceptible to the climate.

Cattle confined in large open

Northern lots face severe win-

ters, southern lots must reckon with heat stress in summer, and humid lots

greatly increase the possibility of infectious disease. These considera­

tions have been major location determinants. The shift of population to the

Sunbelt has reoriented the market for fed beef and this too contributed to

the shift. So has the conversion of cropland to pasture in the Southeast,

and its emergence as the major beef cattle raising region of the nation.

There were 9,923,000 beef cows in the Southeast in 1978, and 9,339,000 in

the Southwest. These two regions accounted for half of all the beef cows

in the United States (Martin 1979, pp. 89-99). Western Kansas feedlots

represent a rough approximation of the solution of a gravity model of loca­

tion for a beef-feeding industry that seeks to minimize the transport costs

of its raw material inputs.

These are all important explanations for the restructuring of regional

claims upon agricultural output that has resulted from shifts in cattle

feeding. In value terms, this restructuring concerns the largest segment

of American agriculture. Sales of cattle and calves in 1978 totaled 28

billion dollars, or one-fourth of the gross value of agricultural output

(USDA, State Farm Income Statistics, Statistical Bulletin No. 627, Supple-
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Figure 4: Location of Active Custom Feedlots in the Southern Great Plains
in 1979.
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ment, Jan. 1980, p. 9). In acre terms, and with reference to the domestic

market, beef feeding is the greatest claimant for the output from harvested

cropland. These considerations merit a closer examination of the reasons

for the shift.

The major explanation is provided by the development of irrigation in

the Southern Plains. This provided a rapidly increasing supply of local

feed over the past 25 years. But is has been accomplished at great cost in

terms of resources, and the production base is unstable. Virtually all of

the irrigation is from groundwater, and all of it in the area of greatest

feedlot concentration is from the Ogallala aquifer. This vast underground

lake stretches from the northern Nebraska border to the Texas panhandle, as

shown in Figure 5. Its origin is uncertain but apparently geologic. Where

there is recharge, it is very slow, and especially from Kansas south.

There has been no charge for this water, other than the cost of pumping.

As was noted earlier, approximately two-thirds of the fuel used in pumping

has been natural gas. The water, in effect, has been regarded as a free

good, and almost all of the irrigation development has occurred during a

period in which natural gas has been flagrantly underpriced. The water

table has been steadily falling, in several Kansas counties at rates exceed­

ing 5 feet per year (Kansas Water Resources Board, Newsletter, 1979). Natural

gas prices have doubled, and more increases are in prospect. The future of

irrigation in the region is entering a critical phase.

A recent U.S. Dept. of Agriculture study of 32 counties in the Texas

High Plains used a simulation model to project irrigation prospects for the

period 1976-2025. Applying a conservatively estimated rate of increase for

natural gas prices, the study concluded that irrigation in the region would
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terminate by approximately 1995. The major land use consequence would be a

70-percent decline in grain sorghum output and a return of wheat as the major

dry-land crop (Young and Coomer, 1980, pp. 27-28).

A contemporary Kansas study attributed one-fourth of the state's gross

farm income in 1977 to irrigation, almost all of which depends on the same

Ogallala aquifer (Darling, Kansas Water Resources Board, Bulletin 24, 1979,

p.90). No estimates of the impact on land use of a decline in irrigation

in Kansas are available to compare with those from the Texas study, but it

must be assumed that the effects will be similar.

These studies raise serious questions about the feed-base for the pres­

ent concentration of cattle feeding in the Southern Great Plains. If rising

energy costs and falling water tables make irrigation in the region uneconomic,

it will trigger the most significant regional shift in the present geographic

pattern of land use that we have in prospect. This could alter the nature of

competition for land in the Middle West and Great Plains during the declining

phase of Great Plains irrigation as dramatically as it was altered in the ex­

pansion phase, and almost as quickly.

The most immediate impact will occur in the panhandle region of Texas,

and in eastern New Mexico, where irrigation from groundwater has been increas­

ingly under stress since the 1950's. A reappearance of dryland wheat and un­

irrigated varieties of sorghum would be associated with a declining feedgrain

surplus. If this pattern of land use change works its way North, as the

Ogallala aquifer is gradually exhausted, or pumping becomes uneconomic, it

will erase the advantage of cheap and plentiful feed that has been the basis

for the concentration of cattle feedipg in the region.

The feed supply for cattle fed in the Southern Great Plains has come

predominantly from water withdrawn from an aquifer that is unlikely to be
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reQ,harged in our lifetime. The one-time withdrawal of this water has permit­

ted the entire increase in feed output to be devoted to beef production,

without burdening the feed supplies of the traditional Corn Belt. In approxi­

mate terms, the increase in fed beef output of the Southern Plains, and this

means roughly half of the nation's total supply, has been achieved in the

past two decades at no cost, in terms of regionally diverted feed grains.

The economic rent generated by unpriced water from the Ogallala aquifer and

by underpriced natural gas has been capitalized in part into local land

values. But in a larger sense, it has been capitalized into a national level

of beef consumption that cannot be sustained in the long run without a return

to the feed grain supplies of the Corn Belt. We have a fed beef economy that

has become dangerously dependent on an exhaustible resource base.

Grain Exports. 1he most acute competition for land in the United States

today is between foreign and domestic consumers of meat. The grains of the

Middle West and Great Plains have become the food reserve of the world. Wheat

production roughly doubled in 25 years, from an average of 1,077 million

bushels, 1951-55, to an average of 2,0/i8 million bushels, 1975-79. Wheat

exports in 1978-79 were 1,194 million bushels, and were forecast at 1,325

million bushels in 1979-80, Exports have taken more than all of the output

increase in the past twenty years.

The record for corn is similar, but the quantities are much larger.

On average, the United States produced 2,814 million bushels of corn for

grain in 1951-55, and over 7,000 million bushels in both 1978 and 1979.

Corn exports in fiscal 1978 were 1,933 million bushels, and 2,121 million

bushels in fiscal 1979. In dollar terms, wheat exports in fiscal 1979

totaled 4,775 million dollars, corn exports 6,059 million dollars. Exports
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of feedstuffs, corn, sorghum and soybeans, in fiscal 1979 totaled 14,125

million dollars, or almost three times the value of wheat exports (USDA,

Foreign Agriculture, March 1980, p. 21). Feedstuffs have become the dominant

agricultural export.

The growth of world demand for feed grains and oil seeds from the United

States has generated a massive reorientation of the flow of crops to market.

In the 19th century, the major export demand for agricultural products from

North America was for high quality wheats. Bread was the goal. Since 1945,

this trade has shifted to feeding stuffs, and meat has become the goal. This

has led to a restructuring of competition for land that is yet to be reflected

fully in the structure of American agriculture.

Coincident with this shift of foreign demand from bread to meat, there

has been a historic shift in the pattern of transport costs. Over several

decades and up to 1979, the real cost per ton-mile of water transport had

fallen, and the real cost of land-transport had increased. An indication

of the significance of this shift is provided by Figure 6. The "continental

divide" in rail freight rates for grain in the United States runs through

eastern Montana, approximately at the longitude of Forsyth.The cost of grain

transport via railroad from there Ivest to Pacific Coast ports is approximately

equal to the cost of rail transport east to water transport at Duluth-Superior,

or at Minneapolis-St. Paul.

In mid-1979 this cost averaged about $1.20 per bushel, for wheat.

Transport costs by unit trains or river barges from Minneapolis-St. Paul

to Gulf Coast ports were in the range of 0.65 cents per bushel. The cost of

transport from Gulf ports to Rotterdam ranged from 0.25 to 0.45 cents per

bushel. In transporting a bushel of wheat from central Montana to western
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Europe in 1978-79, approximately 80 percent of the transport cost involved

internal transport within the United States.

This transport cost structure has been altered since 1979 by sharply

increasing ocean freight rates, reflecting the increasing cost of fuel oil.

It is still true that, once a cargo of grain has been loaded onto an ocean­

going vessel at a U.S. port, it can be shipped anywhere in the world for the

approximate cost of transport from central Montana to Minneapolis-St. Paul.

The market for North Amerioan grain has become a world market, and the revo­

lution in transport costs has contributed heavily to this development.

In appraising the land-use consequences of this restructuring of trans­

port costs, an additional institutional phenomenon is important. The most

recent innovation in U.S. land-based transport is the "unit train". Shippers

can lease entire trains of identical cars, designed to facilitate loading and

unloading. The conventional leasing arrangement in 1979 to Gulf ports involved

a contract for q5 round trips per year. Shippers who could achieve this mini­

mum of 45 "turn-arounds" in 12 months could obtain substantially lower trans­

port costs.

This introduced a time element as well as a distance element into the

market structure for Midwest grains and oilseeds. Transport costs can be

reduced if supplies can be located as close as possible to the Gulf, not only

because of distance but in order to permit quick turnarounds, and thus enable

shippers to make the 4S trips per year necessary to qualify for the lower

unit-train leasing charges (DeWitt, 1980). This led grain shippers in 1979

to drain the lower Mississippi Valley first. Corn and soybeans (the principal

exports) were procured first from Arkansas, Mississippi, Missouri, Southern

Illinois, and Indiana. Procurement then shifted north, in a concentric
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circle pattern, to include Ohio, northern Illinois, Iowa, Nebraska and south­

ern Minnesota. Where wheat was involved, Texas, Oklahoma, Illinois, Ohio,

and Kansas grain moved to export rnarkets first, followed by grain from Minne­

sota and the Dakotas, with Montana at the end of the line.

As a consequence, the northern and western Corn and Soybean Belts, and

the northern Great Plains, have become the residual suppliers to the world

market for grains and oilseeds. The grain and feedstuffs reserve of the

world is stored in this region. Stocks of corn and soybeans in storage in

Minnesota on January 1, 1979 and 1980, for example, were at record highs. As

of January 1, 1980, 80 percent of the corn and 66 percent of the soybeans were

stored on farms. (Minnesota Crop and Livestock Reporting Service, ~inneso_ta

Crops, Jan. 25, 1980). This has created a crisis in farm credit in the region,

as producers strive to finance both their grain stocks and the costs of pro­

ducing a new crop.

It has been conventional in recent years to point out that one-third of

the crop acres in the United States produce for export. In estimating the

participation of each state in the export market, the national percentage of

each crop exported has been applied to that state's contribution to total

production. This is dangerously misleading in estimating the effect of ex­

port demand on competition for land. Any variation in exports will have its

greatest impact on producers at the end of the transport line. For example,

a variation of 0.50 cents a bushel in the price of corn at Rotterdam in

December 1979 would have been approximately lLl percent of the Rotterdam

price, but 25 percent of the farm-gate price in southern Minnesota (USDA,

Foreign Agricu1tur~1 Circul~, Dec. 13, 1979, p. 27). Export demand

is always of greatest importance to the producers who are most distant from
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export markets.

These considerations point up the regional differences in the effects

of the recent expansion of export markets for United States agricultural

products. The competition for land in the United States has now entered an

international phase. It has been noted that substitutes for land can be

found in fertilizers, in superior seedstocks, and in tillage and management

practices that obtain more output from the same area.

This observation can be reversed. For foreign buyers, imported grains

and feedstuffs are, in effect, a substitute for their land, and for the higher

levels of intensity that might otherwise be applied to their domestic agri­

cultural resources. In expanding agricultural exports, the United States is

"selling" its land, in the same sense that it may at the same time be creating

substitutes for land through fertilizers and more intensive management practices.

In terms of national policy, a key question can be raised: Is this "sale" of

more intensive levels of land use through the export of the products of land a

wise policy? The superficial answer is: Does it pay? Do we receive more net

benefits through the foreign exchange earned in this way than would be obtained

through the use of our land resources for other purposes? If the net effect

of an expanded export market for agricultural products is to finance the con­

tinued wasteful use of imported petroleum fuels, the answer becomes ambiguous.

To date, it is clear that the competition for agricultural land in the United

States that results from expanded agricultural export markets has postponed

a confrontation between the true costs and benefits of our current consumption

of imported energy. Our agricultural exports, in effect, are financing an

increasing portion of an agri-urban life style that depends heavily on the

private motor car. Lovers of irony will note that agriculture is thus con-
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tributing to the continuation of sub~rbanizingpressureson rural land, which

in turn have generated most of the current concern over loss of farmland to

non-farm uses. Is this the best use of the fertility of the land?

The restructuring of internal locational advantage or disadvantage

occasioned by transport cost differe~tials and the growth of export markets

may have an unanticipated consequence for livestock feeding. As noted above,

beef cattle feeding shifted from the Corn Belt to the Southern Great Plains

as a result of rapid increases in the local supply of relatively cheap grains.

Hybrid corn, hybrid sorghum, and irrigation facilitated a shift out of live­

stock in Midwest agriculture that ha~ led one student of the problem to speak

of the resulting "grain deserts" (Dovring, 1979, p. 15). The Delta states led

in a shift of much of the nation's richest alluvial soils into corn and soy­

beans. This has led to a concentration of very large cash grain farms in the

Mississippi Delta, as well as in the Great Plains.

When coupled with a freight rate pricing structure that has been altered

by unit-train leasing practices, this southward shift of feedstuff production

seems likely to focus foreign demand on the lower Mississippi Valley. Cattle

feeders in the southern Great Plains will be bidding primarily against foreign

buyers for their feedgrains. Relative feedgrain and soybean prices may reflect

this shift by making it again attractive for farmers in the Upper Mississippi

Valley to feed their grains to livestock, as was once the ruling case, rather

than sell the grain for cash.

There is some evidence that this shift is beginning. The U.S. Depart­

ment of Agriculture maintains a continuously updated data series on costs of

production in Great Plains and in Corn Belt cattle feeding enterprises.

Throughout 1972 and 1973, the price required to cover all costs of production
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of fed beef in southern Great Plains feedlots averaged 10 percent below the

break-even price in Corn Belt feedlots. Throughout 1979, Great Plains feed-

lot costs were about 3 percent above Corn Belt costs, and this cost differential

seems likely to increase (U.S. Dept. of Agriculture, Livestock and Meat

Situation, LMS-195, February 1974, pp. 21-22, and LMS-232, February 1980, pp.

13-14). The export market has now become the most important force affecting

interregional competition for agricultural land within the United States.
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Some Future Prospects

In reviewing the past half-cent4ry of competition for land in the United

States, it is clear that the dominant influence has been generated on the

demand side. In spite of a doubling of agricultural output since the Second

World War, and major changes in the composition of production inputs, the

contribution of land as an input in the production process has remained

surprisingly constant. In 1910, labor accounted for 53.4 percent of all

agricultural inputs, land 20.2 percent, machinery 8.5 percent, agricultural

chemicals 1.7 percent, and all other inputs 16.2 percent. In 1978, labor

inputs were 16.0 percent of the total, land 21.6 percent. machinery 31.3

percent, agricultural chemicals 9.6 percent, and all other inputs 21.5 per­

cent (U.S. Dept. of Agriculture, Measurement of Agricu1tur~ Productivi.t~,

1980, p. 8). Changes on the demand ~ide for land have thus come primarily

from outside agriculture,.or from abroad.

The brief survey attempted in this paper has highlighted some of the

growth elements in this expansion of the demand for land. In speculating

upon future trends, the data point to two major potential shifters in demand:

urbanization, and foreign trade. The solution to the housing problem that

will be acute in the 1980's will provide the most immediate evidence of the

direction that will be taken by dome~tic non-farm demand for land. TIlere is

some evidence that residential demand for agricultural land is moderating.

The major increases in the real costs of credit and of energy have occurred

so recently that their effects are nqt yet revealed in comprehensive national

statistics.

The short-term prospect is for q substantial reduction in the pressure

of urban demand on rural lands. The longer term prospect will be a function
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of land use planning and guidance measures that are only now being introduced

in many of the most critical areas of urban impact. A forecast of these

trends is primarily an exercise of political and not economic judgment.

This leaves the foreign market for agricultural products as the major

unknown. To the extent that agricultural land use becomes a tool of foreign

policy, we can expect this to be the greatest influence upon competition for

land in the United States in our time.
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